In August of 1948, during a spell of hot weather, a 70 year old woman cooked a stew. She suffered from arteriosclerotic heart disease and congestive heart failure, and had been restricted to 200 mg of sodium daily and a salt substitute. She ate the stew with great gusto. The next day she was "seized with giddiness and nausea", became confused, her arms and legs began to shake, and two days later she was admitted to a hospital in coma. A neurologist considered strychnine poisoning, tetanus, and tetany. Another consultant suggested multiple cerebral emboli. She improved with supportive treatment and went home within a week. At home she obediently continued her diet for the next ten days. Again she developed a tremor, became confused and lethargic, and she died in coma by the end of August.
In September another woman with congestive heart failure who complained that her food had no taste was given the same salt substitute. She also became confused and tremulous. The nurse took away her supply of barbiturates. Despite that she became hypotensive, lapsed into coma, and died. She also was thought to have multiple cerebral emboli. Later that year, these and several other similar patients were reported in the Journal of the American Medical Association. Some of these patients recovered -because they were noncompliant and did not take the salt substitute. This was a solution of lithium chloride with small amounts of citric acid and potassium iodide -marketed as "Westsal". It was available at the time even though many years earlier, in 1913, Dr. Cleaveland had reported in the same journal the results of his experiments on himself with lithium. He had taken two grams of lithium chloride three times daily after meals and also at bedtime. After the first dose he was dizzy; with the third dose his vision became blurred; and he felt tremulous and weak. The following day he still had to stay in bed, and his symptoms lasted for five days before he recovered fully (1, 2) .
The history of the modern use of lithium also dates back to 1948, when John Cade first described its beneficial effects in patients with mania. Approved in 1970 by the Food and Drug Administration, lithium has since been widely used to treat manic-depressive psychosis. Though generally safe, it has many toxic effects. These arise from intentional overdose, from retention in patients with renal failure or on diuretics, or in infants of mothers receiving treatment (3) . Toxicity may be extremely serious. Although the drug is rapidly removed by dialysis some ten percent of acutely intoxicated pa-The International Journal Of Artificial Organs / Vol. 9 no. 1, 1986/ p.p. [5] [6] tients die and another ten percent suffer permanent sequelae. Once a patient becomes comatose, survival is only 50% in spite of dialysis (4) . It is clearly important to understand its mechanism of action, to recognize and treat lithium intoxication early.
Lithium is the Iighest metal known to man, but its name is derived from the Greek word for stone. Its atomic number is three and its molecular weight is 6.94. Like the other members of the alkali metal group such as sodium and potassium, it is water soluble and has a high ionization potential. Its atomic radius, electronegativity, and polarizing power resemble those of magnesium and calcium. Because of these similarities, lithium affects many adenylate cyclase -cyclic AMP systems, thereby interfering with the effects of several hormones such as vasopressin, TSH, and various neurotransmitters. Lithium can thus be thought of as an imperfect substitute for other cations (5, 6) .
In clinical medicine the drug is usually administered as 300 mg (8.12 mEq) tablets of lithium carbonate. As many as thirty different preparations are available, including sustained release forms and a liquid preparation of lithium citrate. Peak lithium blood levels are attained within one to three hours, and absorption is complete within eight hours. Lithium enters the intracellular space of different organs at variable rates, but is distributed throughout the body tissues. It passes through the blood brain barrier after some delay. It is excreted almost entirely by the kidney, with only negligible amounts being excreted in other body fluids. Like sodium, lithium is reabsorbed mostly in the proximal tubule and only slightly in the loop of Henle. Unlike sodium, none is reabsorbed in the distal tubule. Because proximal reabsorption of sodium and lithium are competitive, sodium depletion and volume contraction tend to increase lithium retention. Intoxication can thus occur if lithium is used with salt restriction, in states of sodium wasting, during dehydration, or with diuretics. Normally the half life of lithium ranges from 12 to 30 hours, depending on the age and renal status of the patient (6, 7) .
Optimal serum levels for prophylaxis range from 0.6 to 0.8 mEq/liter and for treatment of acute mania from 1.0-1.5 mEq/liter. Blood levels, usually measured by flame photometry, are routinely available in most hospitals (6, 7) . Manic patients usually receive 300 to 1800 mg per day; but the daily dose is not as important as the maintenance of adequate blood levels. Serum lithium concentration should be measured 12 hours after a dose because at 6 hours one may obtain deceptively high levels. Patients on salt restriction or taking diuretics should receive lithium cautiously, if at all.
The common side effects observed at therapeutic levels are nausea, vomiting, diarrhea, polydipsia, muscular weakness, fatigue, and fine resting tremors. Electrocardiographic changes such as flattening and inversion of T waves may mimic hypokalemia despite a norma/ serum potassium. The drug may induce an initial sodium diuresis; with prolonged use a nephrogenic die byWichtig Editore. 1986 0391-3988/600005-02 $00.50/0 abetes insipidus develops in about 12% of patients. Other effects are a decrease in free thyroxin, benign diffuse goiter (3%), rarely hypothyroidism, occasionally localized edema, and mild leukocytosis (6) .
Acute lithium intoxication usually develops gradually over several days. Its symptoms in the early stages may resemble the usual side effects of treatment. The patient may exhibit tremor, restlessness, increased neuromuscular irritability, increased deep tendon reflexes, nystagmus, and confusion progressing to stupor and coma. Seizures and choreothetosis may also occur. In elderly patients symptoms of severe intoxication may be observed at serum levels as low as 1.6 liter. Such symptoms usually occur, however, at levels above 3 mEq/liter (7, 8) .
The treatment of acute intoxication may consist of delaying absorption, enhancing renal excretion, or removing the drug by dialysis. All acutely intoxicated patients should receive gastric lavage and emetics. Prolonged gastric suction is helpful because the levels of lithium in the gastric fluid may remain elevated for several days after an overdose. Saline infusion may enhance excretion in sodium depleted patients. When sodium depletion is absent, however, salt administration has little effect on enhancing elimination. Nonetheless, forced diuresis with urea and aminophyline has been used (7) . The renal lithium clearance varies from 15 to 30 ml/min. Clearance by peritoneal dialysis is 10 to 15 ml/min and by hemodialysis about 50 mil min. Because the transfer between the intracellulare and extracellular compartments is slow, the serum lithium may rebound to dangerous levels about 6 hours after dialysis (3, 8) .
As with other intoxications, the indications for dialysis remain inexact. Hansen et al have published an extensive review of 100 cases from the literature and 23 patients from their own hospital (4) . They concluded that the severity of lithium intoxication depends on three factors: the height of the serum lithium level, the duration of intoxication, and individual tolerance. More than 90% of their patients developed intoxication while receiving maintenance therapy at a constant lithium dosage. They had first undergone a sodium diuresis or had diabetes insipidus, and subsequently developed high lithium levels. Seventeen of these patients had renal insufficiency on admission and only twelve regained normal renal function. Hansen et al recommend that an attempt to induce a diuresis should be undertaken only in the early stages of lithium intoxication, when renal function is normal and serum levels do not exceed 2.5 mEq/liter. If a level of less than 1 mEq/liter cannot be achieved within 30 hours, hemodialysis should be carried out and repeated if necessary. Serum lithium should be less than 1 mEq/liter at 6-8 hours after dialysis. Peritoneal dialysis should be used only if hemodialysis is unavailable (4) .
Most striking are reports of permanent neurological damage despite use of dialysis. Von Hartizsch has described three patients who had toxic serum levels for several days before treatment was begun. Although serum levels were lowered with dialysis, the patients still had ataxia and choreoathetoid movements one ye-6 ar later. Evidently permanent neurological damage to the basal ganglia and cerebellar connections had already occurred (9) . Schou had likewise studied the course of 40 patients with permanent neurologic damage following acute intoxication. The patients typically had ataxia and scanning speech. Some also had peripheral neuropathy. There was evidence of cerebellar atrophy in some. Some patients improved during the first 6-12 months following rehabilitation. At the time of the acute episode, these patient's maximum serum levels ranged from as low as 1.2 mEq/liter to 12.0 mEq/liter (10) . All this would tend to suggest that the severity of the acute phase does not predict the eventual outcome. It follows that treatment, and this includes hemodialysis, may have to be applied early so that tissues should be exposed to high lithium levels as briefly as possible.
In clinical practice, then, one should probably dialyze patients at a level above 2.5 mEq/liter. If patients present with symptoms of acute intoxication and levels between 1 and 2.5 mEq/liter, dialysis may still be of benefit, especially in presence of renal failure. Even with effective dialysis, neurological damage may be permanent. It is best then, to sprinkle this salt carefully before serving the stew.
